Patients with acute pulmonary embolism (PE) were identified retrospectively from patients hospitalized during a 2-year period from 2005 to 2007. Among adult patients (20 years), the incidence of established acute PE was 88 (0.17%) of 50 882 in Dongsan Hospital. The incidence of acute PE at Dongsan Hospital was 26% lower than that at Henry Ford Hospital (P < .01). Among patients more than 50 years of age, PE was more frequent in women (0.32%; 95% CI, 0.24-0.4) than in men (0.15%; 95% CI, 0.1-0.21; P < .01). Among all patients with PE older than 20 years of age, 68 (0.21%) of 31 869 (95% CI, 0.17-0.26) were from the medical service and 18 (0.08%) of 23 139 (95% CI, 0.04-0.11; P < .01) were from the surgical service. The estimated incidence of PE in a university teaching hospital in Korea was 0.17%, it was about two thirds of that in North America.
Introduction
Koreans are generally considered to have a lower incidence of venous thromboembolic disease. Many in-hospital physicians in Korea may underestimate the risk of venous thromboembolism, and strategies designed to prevent thrombosis remain underutilized in patients with many risk factors for venous embolism.
There is an increasing awareness of the health concerns associated with pulmonary embolism (PE). 1, 2 The incidence of PE has not been studied in the general Korean population. However, it may be important to determine the incidence of PE in hospitalized patients, because the risk of PE increases with acute illness. 3, 4 Studying the incidence of PE in relation to age, sex, and different hospital departments is likely to be important for estimating the disease burden and understanding the background of PE; this in turn may affect treatment strategies and aid in prevention. Furthermore, comparing the incidence of PE in Korea with that in Western societies may provide clues to understanding the different processes of pathogenesis in different ethnic groups.
The aim of this study was to determine the incidence of acute PE in patients in a general hospital in Korea and to compare this with the incidence in patients in North American hospitals.
Methods
Our study was approved by the Institutional Review Board at Dongsan Hospital, Keimyung University School of Medicine. Dongsan Hospital is a 931-bed tertiary care hospital that also serves as an urban general hospital. Data were extracted from computer-based records of patients hospitalized during a 2-year period from August 2005 to July 2007. We reviewed the entire medical records of patients with a discharge diagnosis of either PE or deep venous thrombosis (DVT). This was done to confirm diagnoses, which were based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The ICD-9-CM codes used to identify patients with PE were 415. 5 were evaluated by computed tomography (CT) using a 16-slice detector; patients with no PE apparent on their CT scan were excluded from receiving a diagnosis of PE if they also had a negative leg vein ultrasound; patients who had both a DVT in the lower extremities, or elsewhere other than in the pulmonary artery, and respiratory symptoms were evaluated again by CT. Ventilation and perfusion scans were performed for patients with a history of intolerance to intravenous contrast or for those who had renal failure. We did not perform conventional angiography. Patients suspected of having a PE had their plasma D-dimer levels measured, though they were not excluded on the basis of the result. There was no active policy regarding prophylaxis for DVT during the study period.
For patients admitted to the hospital for a PE more than once, the age was recorded as the age at the time of the first hospital admission. In determining the incidence of PE, patients with multiple admissions were counted only once.
Statistical Analysis
The incidence of PE was calculated as the number of patients with PE per 100 hospitalized patients. Ninety-five percent confidence intervals (CIs) were calculated using the normal approximation to the binomial distribution. A w 2 test was used to compare frequencies. P values < .05 were considered statistically significant.
Results
From August 2005 to July 2007, a total of 61 542 patients were admitted to Dongsan Hospital. There were 451 suspected cases but only 88 (19.5%) diagnoses of PE. The incidence of PE among all hospitalized patients was thus 0.14% (95% CI, 0.12-0.17). Of the 88 patients with a PE, the diagnosis was based on the CT scan in 86 and confirmed by a lung scan in 2. Of the 86 patients with a PE, 1 had an isolated subsegmental pulmonary artery embolism, 4 had a segmental embolism, and the others had either a main or lobar pulmonary artery embolism. During the study period, there were 196 patients with DVT, of whom 37 (42%) also had a PE.
The clinical characteristics of patients with PE are shown in Table 1 . Old age and immobilization were the most common risk factors for PE among these patients. Forty-four patients (50%) had 3 or more risk factors for PE ( Table 2) .
In adult patients (20 years), the incidence of acute PE was 88 of 50 882 (0.17%; 95% CI, 0.14-0.21; Figure 1 ). The incidence of acute PE at Dongsan Hospital was 26% lower than that at Henry Ford Hospital (P < .01) and 37% lower than that at St Joseph Mercy-Oakland Hospital (P < .01; Figure 1 ). The incidence of PE increased between the ages of 20 years and 89 years ( Table 3 ). Patients more than 90 years of age comprised 0.13% of the total number of patients. We determined the incidence of PE at Dongsan Hospital separately for men and women and for different age groups, and compared these results with those previously reported for Henry Ford Hospital, a metropolitan US hospital 6 ( Figure 2 ). The incidence of PE was higher at Henry Ford Hospital than at Dongsan Hospital for patients of all ages except those aged 70 to 79 years ( Figure  2A ). Compared with patients aged 60 to 69 years, the incidence of PE at Dongsan Hospital increased sharply in patients aged 70 to 79 years, for both men (3.2-fold) and women (1.8-fold; Table 4 and Figure 2B and C). The incidence of PE in men was 35 (0.14%) of 24 617 patients (95% CI, 0.1-0.19) and in women 53 (0.20%) of 26 265 (95% CI, 0.15-0.25; P ¼ .052). Among adult patients less than 50 years of age, the incidence of PE in women (0.05%; 95% CI, 0.01-0.09) was not significantly different from that in men (0.12%; 95% CI, 0.05-0.19). Among patients more than 50 years of age, PE was more frequent in women (0.32%; 95% CI, 0.24-0.4) than in men (0.15%; 95% CI, 0.10-0.21; P < .01; Figure 3 ).
Of the 88 patients with PE, 68 (0.21%) were among 31 869 patients (95% CI, 0.17-0.26) on the medical service, 18 (0.08%) were among 23 139 patients (95% CI, 0.04-0.11) on the surgical service, and 2 (0.08%) were among 2422 patients (95% CI, 0.0-0.19) on the obstetrical service. The incidence of PE was significantly higher in patients on the medical service than in patients on the surgical service (0.21% vs 0.08%, P < .01; Figure 4 ). Compared to results previously reported, 7 the incidence of PE at our hospital was significantly lower for both the medical (0.21% vs 0.35%, P < .01) and surgical (0.08% vs 0.27%, P < .01) services (Figure 4 ). 6 The incidence of acute PE was lower at Dongsan Hospital than at Henry Ford Hospital in patients of all ages except those aged 70 to 79 years (A). In males, the incidence of acute PE was lower at Dongsan Hospital than at Henry Ford Hospital for patients of all ages, except those aged 30 to 39 years (B). However, in females aged 70 or more years, the incidence of acute PE was higher at Dongsan Hospital than at Henry Ford Hospital (C). *P < .05 vs Henry Ford Hospital. 6 PE indicates pulmonary embolism.
Discussion
The incidence of PE at a university/urban general hospital in Korea was about two thirds of that previously reported from a North American community and an urban general hospital. 6, 7 In comparison to the previous studies, we confirmed most diagnoses of PE with a CT scan. The bases for diagnosing PE have changed rapidly over recent years from ventilation/perfusion scans and pulmonary angiography to computed tomographic angiography (CTA), which is now considered the standard imaging method for evaluating pulmonary emboli. 8 The ease with which CTA can be performed may mean that it is used more frequently than other tests once were, which could account for a recent increase in the reported incidence of PE. 9 However, radionuclide scanning may have a similar diagnostic sensitivity to that of CTA. [10] [11] [12] [13] This allowed us to compare previous studies in which PE was occasionally diagnosed by ventilation perfusion scans with current studies in which CT was used. 6, 7 The incidence of PE and DVT in Asian American populations is reported to be between one tenth and one fifth of that in caucasians. 14, 15 The incidence of DVT in Asians is also reported to be less than one fifth to one fourth of that in caucasians. 15, 16 However, the incidence of PE in American Indians and Alaskan Natives has been reported to be half of that in caucasians. 17 Differences in genetic background may explain some of the discrepancies in venous thromboembolism incidence among different ethnic groups. Mutations of factor V Leiden and prothrombin are rare or absent in Korean and other Asian patients with venous embolism. [18] [19] [20] Protein C and S deficiency rates have been reported as 10.3% and 6.9%, respectively, in Korean patients with DVT 21 and 4.8% and 4.3%, respectively, in a select high-risk group in the West. 22 In addition to differences in genetic background, differences in lifestyle may also help explain the dissimilar incidence of PE between Koreans and other ethnic groups.
We found that the incidence of PE rose markedly with age (Table 3) , increasing particularly sharply in both men and women aged 70 to 79 years of age (Table 4) . Therefore, careful attention should be paid to the possible development of venous thromboembolism in Korean patients aged more than 70 years.
Epidemiologic studies of Western populations have shown the incidence of venous thromboembolism to be higher in men than in women. 14, [23] [24] [25] However, among hospitalized patients, the incidence of PE is reported to be higher in women than in men. 26 The overall incidence of PE in Dongsan Hospital was 40% higher in women than in men. Furthermore, for patients more than 50 years of age, the incidence of PE was significantly higher in women than in men (Figure 3 ). We also found that the incidence of PE in Korean women was significantly higher in those aged 50 or more years than in those less than 50 years old; a result similar to that of previous North American reports. 6, 23 The incidence of PE was higher in patients on the medical service than in patients on the surgical service (0.21% vs 0.08%, P < .01), suggesting that aged patients on the medical service need more attention to prevent venous thromboembolism. In summary, the incidence of PE in hospitalized patients in Korea is approximately two thirds of that in North America. The incidence of PE increases sharply in patients more than 70 years of age and for those aged 50 years or more is higher in women than in men. The incidence of PE was also found to be higher in patients on the medical service than in patients on the surgical service.
